ABSTRACT
INTRODUCTION

21
In research fields such as stochastic structural dynamics, stochastic processes are most 
30
It is noted that the above spectral estimation approaches often require a large number 31 of complete data samples for attaining a predefined adequate degree of accuracy. However, 32 missing data in measurements is frequently an unavoidable situation. In fact, missing data where ( ) denotes the transpose, where u is the number of missing points.
126
By virtue of the central limit theorem (Billingsley 2008), it is reasonable in many cases
127
to make the approximation that missing points follow a multi-variate Gaussian PDF. In this (11)
136
It is readily seen that X 1 = c 1 + a X β ∼ N (c 1 + a µ, a Σa) and
Because both X 1 and X 2 are related to the same set of random variables 138 X β , it is obvious that they exhibit some degree of correlation. In this regard, the correlation 139 matrix C X 1 X 2 of joint Gaussian variables X 1 and X 2 is given by
and the mean vector of joint Gaussian variables X 1 and X 2 takes the form
143
Further, to determine the PDF of the variable S f (ω k ) in Eq.(11), the celebrated input- 
where D s is the region such that X 2 1 + X 2 2 ≤ s is satisfied, f X 1 ,X 2 (X 1 , X 2 ) is the joint PDF
148
of the variables X 1 and X 2 ; the PDF of S f (ω k ) is given by
Thus, taking into account Eqs. (11-15), an analytical expression for the power spectrum
151
PDF at a given frequency ω k is derived in the form
153
In this section an approach has been developed for quantifying the uncertainty in a 154 stochastic process power spectrum estimate subject to missing data. 
173 where λ i is the weight of each known point, and z(t) is a stationary Gaussian process with 174 zero mean and covariance 
Next, to minimize the error variance V , a Lagrange multipliers approach is applied yield-
190
ing the equations For stationary random processes, the spectral moments are defined as
where S(ω) is the two-sided power spectrum (e.g. ( Further, Eq.(24) can be recast into a discrete form in the frequency domain, i.e.
Clearly, based on Eq. (25) 
where f X (x) is the probability density function of X. Clearly, the characteristic function standard Gaussian variables X g ∼ N (0, I) as
Next, employing Eqs.(25-27), Eq.(5) can be cast in the matrix form
where c 1,k , c 2,k , a k , and b k are defined by Eq.(6-9),
Combining Eqs. (25) and (29), the spectral moments are given, alternatively, in the form 
249
Note that, the evaluation of Eq.(32) can be simplified based on the following steps.
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Specifically, of the system survival probability, i.e. the probability that the structural system response Vanmarke (Vanmarke 1975 ) that relies on the knowledge of the system response spectral 298 moments (Vanmarke 1972 ) is considered next.
299
Specifically, consider a linear single-degree-of-freedom (SDOF) oscillator, whose motion 300 is governed by the stochastic differential equation
302 where x is the response displacement, a dot over a variable denotes differentiation with 303 respect to time t; ζ 0 is the ratio of critical damping; ω 0 is the oscillator natural frequency 304 and w(t) represents a Gaussian, zero-mean stationary stochastic process possessing a broad-response displacement and velocity power spectra are given by (Newland 1993 )
308 and 309 According to (Vanmarke 1975 ) and (Crandall 1970), the time-dependent survival proba- probability that depends only on λ X,0 , i.e.
336
In Eq.(48), the analytical expression for the PDF of λ X,0 in the case of missing data can 337 be derived by the methodology described in the previous sections. After determining the 338 PDF p λ X,0 , the system survival probability characteristic function can be obtained as To demonstrate the validity of the developed uncertainty quantification approach, sta-346 tionary stochastic process time histories compatible with the Kanai-Tajimi-like earthquake 347 engineering power spectrum of the form
where ω g = 5πrad/s and ζ g = 0.63 , are generated via Eq. (2) In the second example, consider a linear oscillator with ω 0 = 10.9rad/s, and ζ 0 = 0.05.
372
Further, the missing data are introduced into the stationary records of the oscillator response, In this paper, an analytical approach for quantifying the uncertainty in stochastic pro-393 cess power spectrum estimates based on samples with missing data has been developed.
394
Specifically, the correlations between the missing data are considered by employing a Krig-395 ing model, while utilizing fundamental concepts from probability theory, and resorting to a 
where 
